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(54) METHOD FOR POURING MINUTE LIQUID DROPLET OR MINUTE AIR BUBBLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for pouring a minute liquid droplet or a minute air bubble 
injected from a minute nozzle into a minute vessel smoothly. 

SOLUTION: The minute liquid droplet or the minute air bubble injected from the nozzle into a medium is caught at 
a focus position or the center of scanning of laser beam to move the focus position or the center of scanning or 
catch it on scanning orbit or in scanning cavity of laser beam, and the scanning orbit or the scanning cavity is 
moved to guide it into the minute vessel in order to pour the minute liquid droplet or the minute air bubble 
therein. 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The impregnation approach of of the minute drop or minute air bubbles characterized by 
guiding in a minute container by catching into a medium the minute drop or minute air bubbles injected 
from the nozzle focusing on the focal location of a laser beam, or a scan, and moving at the focal 
location or the scan core. 

[Claim 2] The impregnation approach of of the minute drop or minute air bubbles characterized by 
guiding in a minute container by catching into a medium the minute drop or minute air bubbles injected 
from the nozzle on the scan orbit of a laser beam, or in a scan cavity, and moving in the scan orbit or a 
scan cavity. 

[Claim 3] The impregnation approach according to claim 1 or 2 which is the minute drop or minute air 
bubbles by which a minute drop or one minute air bubbles was injected at a time from two or more 
minute nozzles. 

[Claim 4] The impregnation approach according to claim 1 or 2 which is the minute drop or minute air 
bubbles by which a minute drop or minute air bubbles was injected one by one from one minute nozzle. 
[Claim 5] The impregnation approach according to claim 1 or 2 which is the minute drop or minute air 
bubbles by which a minute drop or minute air bubbles is injected one by one [ plurality ] per nozzle from 
two or more minute nozzles. 

[Claim 6] The impregnation approach according to claim 1 to 5 which controls the path and the number 
of a minute drop or minute air bubbles by changing at least one factor chosen from injection pressure, 
injection time amount, and observing the condition of the minute drop or minute air bubbles 

injected from a minute nozzle by the image processing. 

[Claim 7] The impregnation approach of claim 1 thru/or 6 publications performed while impressing a 
supersonic wave near a minute nozzle tip. 

[Claim 8] Claim 1 which makes a particle contain in a minute drop thru/or the impregnation approach 
given in seven. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach for pouring in the particle of the liquid of 
the amount of pico liters, a gas, or micrometer size into a minute container from the FEMUTO liter 
injected from the minute nozzle. 
[0002] 

[Description of the Prior Art] In each field, such as medicine, a chemical analysis, and environmental 
measurement, constituent children, such as mixing and the system of reaction, a detection system, an 
electronic circuitry, and an actuation pump, are microfilmed recently. Although it is performed that have 
been the technique which IC-izes the whole system, and a technical problem with the so-called 
important development of mu-TAS, and the minute amount drop of an inspection reagent is dropped as 
one of them in the micro container arranged in the shape of an array using a minute nozzle It was 
difficult to pour in the liquefied reagent of the same AREIHE plurality in an exact amount in this 
approach, or to pour in a solid-state or gas-like reagent. 

[0003] On the other hand, the method of operating the particle and drop of micro size using a photo 
pincette or laser scan manipulation is learned, and operating a reagent and a gene on the occasion of 
the analysis and analysis in a minute field of a reaction in the chemistry field or the bionics field using 
this approach is examined. 

[0004] However, in order to have to operate it, preparing the drop and particle which it is going to 
operate in large quantities by this approach, and observing that part under a microscope, Most of drops 
and particles remain, while not having been used by them, they have the problem that this causes the 
failure of the disturbance at the time of laser beam condensing, or the path at the time of migration 
actuation, and had become an important technical problem at the time of these solutions pouring only 
the initial complement of a reagent into a predetermined minute container smoothly. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is made for the purpose of offering the 
approach for pouring in smoothly the minute drop and minute air bubbles which were injected from the 
minute nozzle* into a minute container. 
[0006] 

[Means for Solving the Problem] If this invention persons use a laser manipulation technique as a result 
of repeating research variously about the approach of pouring in the minute drop or minute air bubbles 
injected from the minute nozzle made very difficult depending on the Prior art into a minute container 
Based on a header and this knowledge, it came to make this invention for the minute drop or minute air 
bubbles made to inject and generate the liquid or gas of the amount of pico liters from a minute nozzle 
being poured in simply in a minute container from a FEMUTO liter. 

[0007] Namely, by this invention's catching into a medium the minute drop or minute air bubbles injected 
from the nozzle focusing on the focal location of a laser beam, or a scan, and moving at the focal 
location or the scan core The impregnation approach of of the minute drop or minute air bubbles 
characterized by guiding in a minute container, And the impregnation approach of of the minute drop or 
minute air bubbles characterized by guiding in a minute container is offered by catching into a medium 
the minute drop or minute air bubbles injected from the nozzle on the scan orbit of a laser beam, or in a 
scan cavity, and moving in the scan orbit or a scan cavity. 
[0008] 

[Embodiment of the Invention] Next, this invention approach is explained according to an accompanying 
drawing. Drawing 1 is a microphotography in which the condition of catching in the focal location (+ 
mark) of a laser beam, the minute drop 3, for example, the minute liquid paraffin drop, injected into the 
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medium 1, for example, water, and moving from the minute nozzle 2, for example, a micropipette, is 
shown. The liquid paraffin of ultralow volume injected by injection ** Pi and the injection time amount Ti 
into water 1 from the micropipette 2 in this drawing The oil droplet 3 with a diameter of about 3 
micrometers is formed, and it is caught by [ drawing 1 (a)] and the focal location of the laser beam 
which has the first oil droplet 3 in the cross-joint location of drawing 1 R> 1 (a) further when oil droplet 
3' of between Ti seconds, in addition a degree is injected in Pi [ drawing 1 (b)]. And if it is moved to a 
lower left location, Pi is added to [ drawing 1 (c)] and a pan during Ti second and 3" of oil droplets is 
injected, oil droplet 3' will move the oil droplet 3 caught in this way next to an oil droplet 3 by 2 
Motome's laser beam [ drawing 1 (d)]. Therefore, if the minute container is arranged in the lower left 
location, an oil droplet 3, 3\ and 3" — can be poured in into this one by one. 

[0009] Next, drawing 2 injects two minute nozzles 2, the minute drop 3 from which the class differed 
from 2\ and 3'. the minute container 7 and T — it is an explanatory view in the case of pouring in inside, 
and from the minute nozzle 2, it is injected in the minute container 7 produced by processing a drop 3 
and the transparence base 6 from which drop 3' was filled with the medium 1 from minute nozzle 2', and 
the 7'upper part, and is caught by laser beams A and B, respectively. And the drop 3 caught here and 3' 
can be correctly poured in into the minute container 7 and T by moving the focal location of each laser 
beams A and B condensed with the lens 8 in three dimensions from [ near the nozzle ] to a minute 
container base location. 

[0010] Although the case where the drop after injection adheres at the tip of a nozzle, and there is a 
line crack certainly produces injection of the drop from such a minute nozzle with the relation of the 
property of the drop to inject, the nozzle quality of the material, and a configuration, [ no ] In such a 
case, the ultrasonic generating components 5, such as the minute water tank wall side 4 and a 
piezoelectric-ceramics thin film formed or attached in 4\ and 5' can perform dissociation and injection 
from a nozzle of a drop in the solution near the minute nozzle tip by irradiating a supersonic wave. 
Moreover, the path of the drop to inject and the number are performed by changing injection pressure, 
injection time amount, and ******. 

[001 1] A particle content drop can also be made to inject from the minute nozzle 2 and 2' instead of a 
drop in this invention approach. In this case, by making the class of drop the same as a medium, a drop 
part disappears and it will be emitted by only the contained particle into a medium at the same time a 
drop separates from a minute nozzle. 

[0012] Moreover, if a hydrophilic property or hydrophobic processing is carried out for the minute 
container base according to the class of drop to pour in, the immobilization after impregnation is also 
possible. Processing of carrying out UV irradiation, after pouring in the drop and particle of ultraviolet- 
rays hardenability into the same minute container can perform immobilization in the case of a particle. 
[0013] In addition, when catching and pouring in the drop and particle of a low refractive index from the 
refractive index of a medium 1, the laser scan manipulation method which scans the surroundings of a 
drop is used. 

[0014] Next, drawing 3 is a system chart for explaining one example of the system configuration for 
moving the focal location of two laser beams in three dimensions into a minute container near the 
minute nozzle. In this drawing, a path is changed into the laser beam from the light source 10 with a 
beam expander 11. a half-wave plate 12 — a passage — the 1st — polarization beam splitter 13 and 13' 
decomposes — having — respectively — electromagnetism — so that the focal position coordinate 
XYZ under a microscope may become a desired location after minding a shutter 14 and 14' The path is 
controlled by the focal impaction efficiency device 15 and 15' which consist of the galvanomirror pairs 
and focal repositioning lenses which are controlled by Computer Cp. 

[0015] After considering as the same axle by the second polarization beam splitter 16 and 16' again, the 
laser beam into which the above was decomposed is made in agreement with the shaft of epi- 
illumination light by the relay lens 17, is introduced in a microscope 18, is condensing and irradiating 
each so that it may become wavelength size extent, for example, the spot size of about 1 micrometer, 
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near the minute nozzle with a condenser lens 8, and catches a injection drop. Then, as drawing 2 was 
already described, a drop can be correctly poured in by moving the focal location in three dimensions to 
the location of the desired minute container 7 by the focal impaction efficiency device 15 and 15'. 
[0016] Under the present circumstances, since interference is not caused since the polarization 
direction intersects perpendicularly, therefore intensity distribution do not change with the relative 
positions of two beams, two laser beams can catch and pour in the drop made into the purpose in the 
condition of having been stabilized in each laser beam. Moreover, the moving trucking, the passing speed, 
the scan location, the scan speed, the synchronous scan phase contrast, and the scanning pattern of a 
focal location of two laser beams can be automatically changed according to the purpose by observing 
prehension by the condition of injection of a drop, and the laser beam, and a conveyance condition with 
CCD camera 19, and processing the image with an image processing system 20. 

[0017] Thus, in this invention approach, as shown in drawing 1 , two or more minute drops injected one 
by one can be correctly poured in into a minute container per nozzle from the minute drop injected one 
piece at a time from two or more minute nozzles as shown not only in the minute drop injected one by 
one from one minute nozzle but in drawing 2 , or two or more minute nozzles. 

[0018] And the path and the number of a minute drop are controllable by the data measured in advance 
by changing at least one factor chosen from injection pressure, injection time amount, and ******, 
observing the condition of the minute drop injected from a minute nozzle by the image processing on the 
occasion of these impregnation. 

[0019] As mentioned above, although the minute drop or the particle content minute drop was injected 
in the liquid medium and the example using the focal location of a laser beam explained this invention 
approach, when migration of the minute air bubbles injected in the liquid medium from the minute nozzle 
and a scan core, a scan orbit, or a scan cavity is used, it can pour in into a predetermined minute 
container similarly. In this case, it is advantageous to make opening of a container into facing down, to 
turn a pars basilaris ossis occipitalis upward, and to carry out uptake of the minute air bubbles. 
[0020] 

[Example] Next, an example explains this invention to a detail further. 

[0021] In the system shown in example 1 drawing 2 or drawing 3 as a laser beam for drop prehension Nd 
of continuous oscillation : using an YAG laser (wavelength of 1064nm, linearly polarized light) to what 
filled with distilled water (refractive index 1.33) the minute tank which has on a base the minute 
container which carried out etching processing and created microscope cover glass Prehension of the 
minute drop (a liquid paraffin, refractive index 1.46) injected from the minute nozzle which processed and 
created the glass capillary by irradiating two laser beams from a lower part through the oil immersion 
objective lens (one 100 times the scale factor of this) of a microscope, and impregnation to a minute 
container were performed. That is, the result of having observed under the microscope signs that 
control injection pressure, injection time amount, and ****** by the pump, injected a total of every one 
drops [ two ] with a magnitude of 3 micrometers, caught and moved by the photo pincette method 
according each to two laser beams from a minute nozzle, and it poured in to a minute container is 
shown in drawing 1 . 

[0022] Drawing 1 (a) is in the condition after adding setting injection time amount (for 0.1 seconds) 
about injection pressure (3000hPa) at a minute nozzle, and one drop with a magnitude of 3 micrometers 
is formed at the tip of a nozzle. The white cross joint in drawing carries out the image processing of the 
focal location of the laser beam set up near the nozzle tip, and shows it on real time. Drawing 1 (b) is in 
the condition after applying the 2nd injection pressure (3000hPa) for 0.1 seconds, and the drop at the tip 
of a nozzle is injected and it shows the condition of having been caught by the focal location of the laser 
beam in a white cross-joint location. Under the present circumstances, the following drop is prepared at 
the tip of a nozzle. Drawing 1 (c) shows the condition of having moved the caught drop to the minute 
container location by the computer control of the focal impaction efficiency device 1 5 of drawing 3 . 
After drawing 1 (d) applies the 3rd [ further ] injection pressure (3000hPa) for 0.1 seconds and injects 
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the 2nd drop, it catches a drop with 2 Motome's beam, and shows the condition of having arranged in 
the direction of X to the location of the next door of the drop of drawing 1 (c). 

[0023] Using the same system as example 2 example 1, by changing injection pressure, injection time 
amount, and ******, a total of every two one-piece drops from which the path differed was injected, 
and it caught and moved by the photo pincette method according each to a laser beam, and poured in to 
the minute container. Drawing 4 shows the condition of having put the drop of two injected size in order 
in the direction of Y on a minute container after catching each with two beams. It turns out that the 
drop from which magnitude differs is injected alternatively, and they can be moved and poured into a 
precision by controlling injection pressure, injection time amount, and ****** by this. 
[0024] This invention is not limited to the above example and can carry out the design change of the 
optical system of laser beam installation, the location of a minute nozzle and an ultrasonic generating 
component, a configuration, the number, etc. suitably. 
[0025] 

[Effect of the Invention] Construction of the highly sensitive chemical reaction place of mu-TAS or 
micrometer order without generating and contamination of a disturbance place with the reagent of an 
excessive amount and the growing up space of a microorganism is attained according to this invention, 
the automatic impregnation to the array-like container of micron size and immobilization are not only 
attained in the liquid, the gas, and the particle-like reagent of ultralow volume for building mu-TAS, but 
and it also becomes possible to perform the reaction and control of growth by it. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The microphotography Fig. in which the drop injected from the minute nozzle shows the 
process by which conveyance impregnation is carried out by this invention. 

[Drawing 2] The explanatory view showing one example of the impregnation approach of this invention. 

[Drawing 3] The system chart showing one example of the configuration of this invention. 

[Drawing 4] The microphotography Fig. in which injecting the drop from which a path differs and showing 

the condition that migration impregnation was carried out. 

[Description of Notations] 

1 Medium 

2 and 2' — a minute nozzle 

3 and 3' — a minute drop 

4 and 4' — a minute water tank wall side 

5 5'supersonic-wave generating component 

6 Transparence Substrate Ingredient 
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7 and T — a minute container 

8 Condenser Lens 

9 Pump 

10 Laser Light Source 
Eleven beam expanders 

12 Half-wave Plate 

13 and 13' — the 1st polarization beam splitter 

14 and 14' — electromagnetism — a shutter 

15 15'focal impaction efficiency device 

16 and 16' — the 2nd polarization beam splitter 
1 7 Relay Lens 

18 Microscope 

19 CCD Camera 

20 Image Processing System 



[Translation done.] 
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